The RNA-dependent DNA polymerase (RDDP) of human immunodeficiency virus (HIV) was purified from sucrose density gradient-banded virus by four successive procedures: anion exchange chromatography, cation exchange chromatography, affinity chromatography on oligo(dT)-cellulose and adsorption chromatography on hydroxyapatite. The enzyme preparation was free of cellular DNA-dependent DNA polymerase activity. The properties of HIV RDDP were determined with a variety of template-primers. Generally, the enzyme used Mg 2+ for optimal activity except with (Cm) n'(dG)x2.1s as template-primer. Kinetic data (Michaetis constant, Hill coefficient) were calculated for several substrates.
deoxynucleotidyl transferase), (dA)n'(dT)l 0 and (dC)n.(dG)12_18 (both preferred by DNAdependent DNA polymerases), (A)n.(dT), 0 (preferred by RDDP and DNA polymerase y), (C)n.(dG)12_18 (relatively specific for RDDP), (Cm)n.(dG)12_18 (highly specific for RDDP; Gerard et al., 1974 ; for review, see Sarngadharan et al., 1978) . The appropriate labelled deoxynucleotide triphosphates ([3H]TTP, [3H]dATP or [3H]dGTP; Amersham), diluted if necessary with unlabelled dNTP (Boehringer) to a specific activity of 6 Ci/mmol, were added to a final concentration of 16 gM. After incubation for 30 min at 37 °C the trichloroacetic acidinsoluble material was collected on Whatman GF/C filters and counted in a liquid scintillation counter. The data were corrected for background in reaction mixtures without added enzyme. The incorporation of dNTPs was linear with time, so that the slope could be taken as the reaction rate for the calculation of kinetic data.
To optimize reaction conditions, the cation dependence of HIV RDDP was determined in a virus suspension disrupted with 0"5~o NP40. As is already known (Rho et al., 1981 ; Rey et al., 1984; Popovic et al., 1984; Hoffman et al., 1985) , the enzyme prefers Mg 2+ over Mn 2+ with (A),'(dT)10 as template primer (see Table 1 ). The optimal concentrations are 5 mM-Mg 2+ or 0.06 mM-Mn 2+ (data not shown). On the other hand, the maximal activity with (Cm)n" (dG)12_18, the most specific template-primer for RDDP, depended on the presence of 0.2 mN-Mn 2+. In contrast to the report of Rey et al. (1984) , incorporation of dGTP with Mg 2+ as divalent cation was not observed with this template.
With activated DNA, only background activity of DNA-dependent DNA polymerase could be detected in the HIV suspension. The activity demonstrable with another DNA template, (dC)n'(dG)12.18, could be due to contaminating cellular DNA-dependent DNA polymerases (especially polymerase c0. On the other hand, it is also known that polymerases of retroviruses may be active on (dC)n'(dG)12.18 (Verma, 1977) . To decide whether or not this activity is intrinsic to HIV RDDP, the activity with this template as well with (A)n" (dT)10 was followed during four purification steps.
Following the protocol of Moelling (1974; Moelling et al., 1979) , RDDP was chromatographed on anion and subsequently cation exchange columns. HIV was lysed by the addition of an equal volume of buffer B [0.1 M-Tris-HC1 pH 7.5, 2 M-KC1, 1 ~ NP40, 25 ~ glycerol, 0.2 mM-PMSF, 1 kallikrein inhibiting unit (KIU)/ml trasylol, 1 mN-DTT] for 10 min at 4 °C. After clarification at 10000 g for 30 min the viral solution was dialysed overnight against buffer C (0.01 M-potassium phosphate pH 7.8, 25~ glycerol, 1 mM-DTT, 0-2 mM-PMSF, 1 KIU/ml (Fig. 1 a) . The fractions positive for RDDP activity were pooled, diluted with an equal volume of buffer E (0.05 M-Tris-HC1 pH 7.5, 0.02~ NP40, 0.3 mg/ml myoglobin, 25~o glycerol, 1 mM-DTT, 1 mM-EDTA) and applied to a Phospho Ultrogel A6R (LKB) column. After washing with buffer E, the column was eluted with a linear KC1 gradient (0 to 1.0 M). The fractions positive for RDDP activity with (A)n" (dT)lo as template-primer were pooled and dialysed against buffer E (Fig. 1 b) . In both chromatographic systems, HIV RDDP behaved very similarly to the RDDP of other retroviruses. Similar to the RDDP of Friend murine leukaemia virus (F-MLV), it eluted at 0-07 M-phosphate from the DEAE column (Moelling, 1974) Rauscher murine leukaemia virus. § Ono et al. (1980) . The enzyme was tested with a variety of template primers. As shown in Table 1 and in Fig.  1 (a) and (b) , the activity with the DNA template (dC)n-(dG)l 2-1s could not be separated from the activity with (A),. (dT)l 0, indicating that both activities may reside on the same protein. To explore this possibility, the enzyme was subjected to two further chromatographic steps. First, the RDDP was applied to an oligo(dT)-cellulose column [Bethesda Research Laboratories (BRL)] which does not bind DNA polymerase ct or y (Sarngadharan et al., 1978) . The activity was eluted in a linear KCI gradient (0 to 0.5 M), pooled, applied to a hydroxyapatite (BRL) column and again chromatographed with a linear salt gradient (0.01 to 0.05 M-potassium phosphate pH 7.5). As shown in Fig. 1 (c) and (d), the activities with each template-primer could not be separated. These results may be taken as evidence that HIV RDDP can use not only the RNA template (A),, but also the DNA template (dC), primed with (dG)l 2-18. In contrast, the DNA template (dA)n was not active (Table 1 ). The RDDPs of other retroviruses also recognize (dC)n-(dG)12_18 (Table 1 for RDDP of F-MLV; see also Verma, 1977) . Therefore, this RDDP activity may well be of some biological significance, perhaps reflecting the affinity of RDDP for the starting site of the plus strand DNA in the replicative cycle of the virus (Varmus & Swanstrom, 1982) . This site is characterized by a polypurine tract in the viral RNA, and a polypyrimidine tract in the minus strand DNA. While the start of the plus strand DNA seems to be primed by an oligoribonucleotide in vivo in a reconstructed system, this reaction can be enhanced by the addition of oligodeoxyguanosine and not by the addition of oligodeoxyadenosine or oligodeoxycytosine (Smith et al., 1984) . This biological specificity may be reflected in the differential use of the synthetic DNA templates (dA),. (dT) 10 and (dC)n. (dG)l 2-t s (Table 1) .
Kinetic experiments were performed on enzyme preparations purified by the first two steps of ion-exchange chromatography described above. Fig. 2 shows Mg 2÷ titration with different template-primers. The optimal ion concentration was around 5 mM as with the disrupted virus. In this respect, the HIV RDDP can be distinguished from HTLV-I RDDP, which needs 30 mM for optimal reaction with (C),. (dG)~v~ s (Rho et al., 1981) . The Mn 2÷ optimum was shifted to the higher concentrations of 0-2 mM for (A),. (dT)lo and 0.4 mM for (Cm) n • (dG)l 2-18 because of the chelating property of the EDTA in buffer E. The optimal concentration of KC1 was 100 mM (data not shown). Fig. 3 shows Hill plots for different RDDPs with different substrates. The kinetic data are summarized in Table 2 . While the Michaelis constant (Km) with TTP as substrate for F-MLV RDDP is in the range of published values (Ono et al., 1980) , the corresponding Km of HIV RDDP is considerably lower, but clearly distinguishable from the Km of cellular DNA polymerases. The Hill coefficient is close to 1, demonstrating that a cooperative effect cannot be detected under the experimental conditions used.
The activity of purified HIV and F-MLV RDDP on a variety of template-primers is shown in Table 1 . The HIV RDDP preparation was free of contaminating cellular DNA-dependent DNA polymerase, as there was no reaction with (dA)~.(dT)10 or (dT)n'(A)~eqs. Terminal deoxynucleotidyl transferase-like activity could not be detected with (dG)~2.~s. In contrast, (A)n" (dT)l 0, (C)n" (dG)l 2-1 s and (Cm) n " (dG)l 2-~ 8 (in order of increasing specificity for RDDP) were active. The ratio of the activity with (A),. (dT)t 0 to that with (dA)n. (dT)10 was less than  0-01, a postulated requirement for a true RDDP (Sarngadharan et aL, 1978) . However, the activities of RDDPs from different sources with different templates are not equivalent; for example, RDDP of HTLV-I prefers (C)n.(dG)12_18 over (A)n'(dT)lo (Rho et al., 1981) . The corresponding ratio of (A),. (dT)x0/(C)n" (dG)l 2-18 was 0.2 for HTLV-I RDDP and 4 for HIV RDDP.
It is well established that the divalent cation requirement of RDDPs differs with the viral source (Verma, 1977 Table 1 ). This preference depends to some extent on the template-primer used. With (Cm)n' (dG)12_lS, a template-primer very specific for RDDP (Gerard et al., 1974) , the activity of HIV RDDP in the presence of Mn 2+ was three -times the activity with Mg 2+.
The ratio of activity with the synthetic DNA template ( In this report, the purification of RDDP from HIV preparations by four chromatographic steps is described. The enzyme is free of contaminating cellular DNA-dependent DNA polymerases and was characterized by a variety of biochemical and kinetic parameters. It can be distinguished from RDDPs of other retroviruses by one or more properties.
Purification of HIV RDDP as well as of the cellular DNA polymerases is a prerequisite for fast screening in vitro of specific enzyme inhibitors. Such substances may be helpful in treating HIV-infected patients.
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